wo 2015/193686 A2 |10V OO O Y A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/193686 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

23 December 2015 (23.12.2015) WIPO | PCT
International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
E21B 17/01 (2006.01) kind of national protection available): AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
International Application Number: BZ. CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM
PCT/GB2015/051799 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
19 June 2015 (19.06.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. ) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Priority Data: . L
1411077.9 20 June 2014 (20.06.2014) GB (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
Applicant: TRELLEBORG OFFSHORE UK LIM- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
ITED [GB/GB]; Stanley Way, Stanley Industrial Estate, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Skelmersdale Lancashire WN8 8EA (GB). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Inventors: DUGGAN, John Malachy; /o Trelleborg Off- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
. . LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
shore UK Limited, Stanley Way, Stanley Industrial Estate,
. SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Skelmersdale Lancashire WN8 8EA (GB). HARBISON, GW, KM, ML, MR, NE, SN, TD, TG)
Austin; ¢/o Trelleborg Oftshore UK Limited, Stanley Way, i i i T T T ’
Stanley Industrial Estate, Skelmersdale Lancashire WN8 Published:

8EA (GB).

Agent: WP THOMPSON; 8th Floor, No. 1 Mann Island,
Liverpool Merseyside L3 1BP (GB).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(34

Title: BEND STIFFENER

A

/1

(57) Abstract: A bend stiffener for resisting excessive bending of an elongate underwater member in a region where it meets a rigid
structure, comprises: a sleeve for receiving said elongate underwater member, said sleeve being capable of some degree of tlexure;
and a rigid interface mount secured to said sleeve, said rigid interface mount being suitable for attachment to said rigid structure;
wherein said rigid interface mount comprises one or more slots or holes which are alignable with corresponding slots, holes or re -
cesses on said rigid structure such that the rigid interface mount may be locked to the rigid structure by locking means, said locking
means comprising projection(s) through the slots or holes of the rigid interface mount into the slots,, holes or recesses of the rigid
structure. The bend stitfener is particular suited to mid-line applications, amongst other applications.
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BEND STIFFENER

The present invention relates to bend stiffeners for underwater use, for example bend

5  stiffeners used in offshore oil industry operations or power generation operations.

Several issues arise from the use of elongate members (such as for example risers,
cables, umbilicals and other tubular structures and conduits) under water, due to the
movement of such members and forces and loads exerted upon and by them. It is

10 important to control or restrict bending, flexing or kinking at various locations, and
bend stiffeners are typically designed to provide increased bend stiffness at the points
where a flexible elongate member (e.g. a tube) meets a supporting structure, such as

a subsea riser base or the turret exit of a floating production vessel.

15 Such bend stiffeners commonly comprise an elongate sleeve which has an outer
frusto-conical surface and an inner cylindrical channel for surrounding the flexible
elongate member. The sleeve is made from a compliant yet resilient e.g. moulded
material such as an elastomer, and is capable of some degree of flexure, albeit less
flexure than the member it surrounds. Due to its shape, i.e. its variation in wall

20  thickness, it becomes less stiff from the route towards the tip. Thus, at the root end,
i.e. the point of attachment to the supporting structure, the walls of the elastomeric

sleeve are thickest and therefore the product is stiffest.

Known bend stiffeners typically include steelwork at the root end of the sleeve. Such

25  steelwork acts as a rigid interface mount to secure the bend stiffener to a rigid or
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supporting structure. It is attached to the sleeve and is attachable to the supporting
structure. Flanges, in the form of a series of bolts or studs arranged in a circular
pattern, and toruses, to provide considerable mechanical locks between sleeves and

steelwork, are commonly used.

Whilst it is important to increase bend stiffness at the ends of flexible risers or other
elongate members, bending and loading issues can also arise in other locations.
Risers and other elongate members are produced in certain lengths and therefore it

may be necessary to join several together.

We have developed a new bend stiffener which is particularly useful in an
intermediate (mid-line) location, 1.e. part way along a flexible riser or other elongate
member, for example where lengths of riser are joined together. Nevertheless this

product may also be used in terminal locations.

The present invention provides a bend stiffener for resisting excessive bending of an
elongate underwater member in a region where it meets a rigid structure, the bend
stiffener comprising:
- asleeve for receiving said elongate underwater member,
said sleeve being capable of some degree of flexure, and
- arigid interface mount secured to said sleeve,
said rigid interface mount being suitable for attachment to said rigid

structure,
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wherein said rigid interface mount comprises one or more slots or holes which are
alignable with corresponding slots, holes or recesses on said rigid structure such that
the rigid interface mount may be locked to the rigid structure by locking means,
said locking means comprising projection(s) through the slots or holes
5 of the rigid interface mount into the slots, holes or recesses of the

rigid structure.

The way in which the bend stiffener of the present invention connects to a rigid
structure differs from conventional approaches which typically use a flange with a
10 circular set of bolts. The present invention therefore reduces complexity and the

need for welding.

The degree of flexure may be provided by a sleeve made from compliant, resilient

material, such as polymers known in the art for this purpose, e.g. elastomers. The
15  sleeve has a through-going channel for the elongate member and suitably the sleeve

may be frusto-conical, or may alternatively be of other suitable shape, e.g. other

shape which has thicker walls at its root compared to its tip.

The rigid interface mount may suitably be a metallic structure. The shape of the
20  rigid interface mount may be tubular and the mount may be attached to the root end
of the sleeve so that the elongate member may pass axially through the sleeve and

rigid interface mount.

The rigid interface mount may be secured to the sleeve by engagement of the

25  material (e.g. elastomeric material) of the latter into slots, holes or recesses on the
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former. This in effect provides a mechanical lock between the material of the sleeve

and the rigid interface mount.

The rigid interface mount may be part-moulded into the root of the sleeve so as to

form a securely adhered product.

The simplicity of the design of the present invention can be contrasted with known
bend stiffeners which comprise complex steelwork and which require bolting to a
flange or bonding to polyurethane or other elastomeric material. The present
invention also avoids the need to include a torus to secure the steelwork to the sleeve,
and this in turn means that the cone’s root diameter can be smaller than would be
required with a torus. The holes or slots in the steelwork of the bend stiffener of the
present invention are particularly effective in allowing the steelwork to strongly

interlock with the polyurethane or other sleeve material.

The rigid interface mount suitably has a tubular cylindrical or part-cylindrical inner
surface such that it may act as a female member to fit over a corresponding male
member on the rigid structure (or vice-versa). In this way this way the tubular
member of the bend stiffener may slide with a close fit over the end fitting of the

rigid structure.

The projections (which pass through the slots or holes of the rigid interface mount
into the slots, holes or recesses of the rigid structure) of the locking structure may be
provided by way of a clamp and/or a split ring. These projections thus act as a key to

secure the bend stiffener to the rigid structure. Thus, for example, a clamp may fit

4
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around the circumference of the rigid interface mount and may comprise two halves
which may be bolted together, with a projection on each half. Of course, a different
number of projections may be provided so long as the effect is to securely fasten the
bend stiffener to the rigid structure. Suitably the projections extend radially
inwardly, i.e. perpendicularly or at least partially perpendicularly compared to the

longitudinal direction of the tubular or elongate direction.

In this way the bending moment and shear force is transferred from the elastomer (or
other sleeve material) via the rigid interface mount into the end fitting of the rigid

structure.

In mid-line or intermediate use, two bend stiffeners of the present invention are

attached, via their rigid interface mounts, to a central rigid structure

Thus, from a further aspect, the present invention provides an apparatus comprising a
pair of bend stiffeners and a central unit, wherein each bend stiffener is suitable for
resisting excessive bending of an elongate underwater member in a region where it

meets said central unit, each bend stiffener comprising:

* asleeve for receiving an elongate underwater member,

said sleeve being capable of some degree of flexure,

and

* atubular rigid interface mount secured to said sleeve,
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said tubular rigid interface mount being suitable for
mating attachment to a tubular rigid part of the central

unit.

The elegant design of the present invention is particularly suited to mid-line
application, in part because the mid-line loads are generally lower than terminal
loads. The simpler construction enabled by the present invention permits
considerable cost savings. In particular, the use of a tubular metal component as the
rigid interface mount, and a thinner stiffener (i.e. thinner frustoconical sleeve, or at

least one which thinner at its root than known stiffeners), is very cost-effective.

As noted above, the rigid interface mount is advantageously tubular (e.g. cylindrical).
Therefore, the rigid structure with which it mates is also advantageously tubular (e.g.
cylindrical) so that one can fit within the other. Such telescopic mating of one tube
on top of the other results in a product which allows for the translation of bending
moments and shear force from the tube of the bend stiffener onto the tube of the rigid
structure. This is more effective than bolting a flange of a rigid interface mount onto
a rigid structure. The tubes overlap or mate over a particular length thereby
spreading the load over an area rather than a particular point. Preferably the tubes
mate closely so as to further enhance the strength of the linkage and further enhance

the transfer of the load.

Reference is made herein to “locking” of one tube to the other. This “locking” keeps

one tube fixed relative to the other but does not involve significant load or force:
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rather the strength of the connection resides predominantly in the mating of one tube

in another.

Reference is also made herein to slots, holes or recesses in one tube being aligned
with slots, holes or recesses in the other, so that locking means may work by passing
through both. Whilst this is convenient, effective and preferred, it is not essential,

and it is possible for the two mating tubes to be held together by other means.

The present invention will now be described in further non-limiting detail, and by

way of example only, with reference to the following figures in which:

Figure 1 is a schematic illustration of one embodiment of a bend stiffener in

accordance with the present invention;

Figure 2 is a cross-sectional view of the bend stiffener of figure 1;

Figure 3 shows one possible embodiment of a split ring for use as the locking means

referred to herein;

Figure 4 shows one embodiment of a rigid interface mount which can form part of a

bend stiffener in accordance with the present invention; and

Figure 5 shows a schematic representation of a bend stiffener in accordance with one

embodiment of the present invention.
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In the embodiment illustrated in Figure 1, rigid interface mount 3 in the form of a
tubular metal structure (the tubular shape is shown most clearly in figure 4) is
partially embedded within sleeve 1 which is a frustoconical structure (shown most
clearly in figures 1 and 2) formed of elastomeric moulded material. The elastomeric
moulded material is moulded around, and through, holes 6 (shown in figure 4) in

rigid interface mount 3.

Rigid interface mount 3 also has slots 4 into which projections 5 on locking means 2
may extend. These projections 5 extend further through slots 4 than the inner surface
of tubular member 3 such that they can also engage recesses in a rigid structure (not

shown) to thereby attach the bend stiffener to the rigid structure.

It will be seen from the figures that whilst the elastomeric sleeve 1 may partly have a
frusto-conical shape, it may also comprise a cylindrical portion particularly in the

vicinity of where the rigid interface mount is embedded.

It should also be noted that the figures show merely certain embodiments and only in

a schematic manner. Other embodiments and arrangements are possible and fall

within the scope of the present claims.
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CLAIMS

1. A bend stiffener for resisting excessive bending of an elongate underwater member

in a region where it meets a rigid structure, the bend stiffener comprising:

» asleeve for receiving said elongate underwater member,

said sleeve being capable of some degree of flexure, and

* arigid interface mount secured to said sleeve,
said rigid interface mount being suitable for attachment to

said rigid structure,
wherein said rigid interface mount comprises one or more slots or holes which are
alignable with corresponding slots, holes or recesses on said rigid structure such
that the rigid interface mount may be locked to the rigid structure by locking

means,

said locking means comprising projection(s) through the slots or holes of the rigid

interface mount into the slots, holes or recesses of the rigid structure.

2. A bend stiffener as claimed in claim 1 which is a mid-line bend stiffener.

3. A bend stiffener as claimed in any preceding claim wherein the sleeve is an

elastomeric material having, at least in part, a frusto-conical shape.
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4. A bend stiffener as claimed in any preceding claim wherein the rigid interface

mount has, at least in part, a metallic tubular structure.

5. A bend stiffener as claimed in any preceding claim wherein the sleeve is moulded

and the rigid interface mount is at least partially embedded within the sleeve.

6. A bend stiffener as claimed in any preceding claim further comprising locking
means for securing the bend stiffener, via its rigid interface mount, to a rigid
structure wherein said locking means comprise projection(s) for extending through
lateral slots or holes of the rigid interface mount and into slots, holes or recesses of

the rigid structure.

7. A bend stiffener as claimed in any preceding claim wherein the locking means

comprise a split ring which may be clamped around the rigid interface mount.

8. Apparatus comprising a pair of bend stiffeners and a central unit, wherein each
bend stiffener is suitable for resisting excessive bending of an elongate underwater
member in a region where it meets said central unit, each bend stiffener

comprising:

* asleeve for receiving an elongate underwater member,

said sleeve being capable of some degree of flexure, and

10
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* atubular rigid interface mount secured to said sleeve,

said tubular rigid interface mount being suitable for mating

attachment to a tubular rigid part of the central unit.

9. Apparatus as claimed in claim 8 wherein the rigid interface mount of each bend
stiffener comprises one or more slots or holes which are alignable with
corresponding slots, holes or recesses on a tubular rigid part of the central unit such

that both bend stiffeners may be locked to the central unit by radial locking means.

11
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